The imaginary part of the inter-quarks potential of moving heavy quarkonia is investigated in a dual supergravity of the AdS background deformed by dilaton, which induces the gauge field condensate in the dual gauge theory. We analyze the quark anti-quark pair moving transverse and parallel to the plasma wind, respectively. It is shown that for both cases the presence of D-instanton density tends to increase the inter-distance and decrease the imaginary potential, reverse to the effect of the pair's velocity. Moreover, it is found that the D-instanton density has stronger effects for the parallel case rather than transverse.
I. INTRODUCTION
The experimental program at RHIC and LHC have produced a new state of matter so-called quark gluon plasma (QGP) [1] [2] [3] . One important experimental signal for QGP formation is melting of quarkonia. It was suggested earlier that the main mechanism responsible for this suppression is color screening [4] . But recently some authors argued that the imaginary part of the potential, ImV QQ , can yield this suppression as well [5] [6] [7] [8] . In addition, this quantity can be used to estimate the thermal width of quarkonia. In the framework of weakly coupled theories, ImV QQ has been studied in many works, see e.g. [9] [10] [11] [12] . As we know, at very high temperatures (and/or densities), QCD may be treated perturbatively, for instance, perturbative calculations taking into account hard thermal loops are actually able to reproduce lattice QCD results for the equation of state for temperatures above T∼300 MeV (see. e.g. [13] ). However, at lower temperatures, for example, around the QCD crossover region, T∼155 MeV, the perturbative calculation may not be fully trusted, implying that nonperturbative methods are required in this case. On the other hand, much experiment data indicates that QGP is strongly coupled and behaves like a nearly idea fluid [3, 14, 15] . Therefore, it would be interesting to study the ImV QQ via the use of non-petubative methods, such as the AdS/CFT correspondence [16] [17] [18] .
AdS/CFT, the duality between a string theory in AdS space and a conformal field theory in the physical space-time, has yielded many important insights for studying different aspects of QGP [19] . In this approach, J. Noronha and A. Dumitru have studied the imaginary potential and thermal width of quarkonia for N = 4 SYM theory in their seminal work [20] . Therein, the ImV QQ is related to the effect of thermal fluctuations due to the interactions between the heavy quarks and the medium. Later, this idea has been extended to various cases. For example, the ImV QQ of static quarkonia is investigated in [21, 22] . The ImV QQ of moving quarkonia has been analyzed in [23, 24] . The finite 't Hooft coupling corrections on ImV QQ is discussed in [25] . The influence of chemical potential on ImV QQ has been addressed in [26] . The study of ImV QQ in some AdS/QCD models, can be found, for example, in [27, 28] . Also, there are other ways to study ImV QQ from AdS/CFT, see [29, 30] . Now we would like to give such analysis in a D3/D-instanton background, which corresponds to the Yang-Mills theory in the deconfining, high-temperature phase. The background geometry contains a nontrivial dilaton giving a nonzero gluon condensation q ∝< T rF µν F µν >, where q is also regarded as the D-instanton density [31] . It was argued [32, 33] that the features of the D3/D-instanton geometry are similar to QCD at finite temperature. Thus, one expects that the results obtained from this theory should shed qualitative insights into analogous questions in QCD. Due to this characteristic, many quantities have been studied in the D-instanton background, such as phase transitions [32] , flavor quark [33] , heavy quark potential and jet quenching parameter [34] .
In this paper, we will investigate the imaginary potential of moving quarkonia in the D-instanton background. More specifically, we would like to see how the D-density affects ImV QQ in this case. Also, it would be interesting to compare the effects of the D-density with those of the velocity. These are the main motivations of the present work.
The outline of the paper is as follows. In the next section, we briefly review the geometry of the D-instanton background at finite temperature. In section 3, we study the imaginary potential for the pair moving transverse and parallel to the plasma wind one by one. The last part is devoted to conclusion and discussion.
II. BACKGROUND GEOMETRY
Let us begin with a briefly review of the D-instanton background. The geometry is a finite temperature extension of D3/D-instanton background given in [33] . The background has a five-form field strength and an axion field which couples to D3 and D-instanton, respectively. In Einstein frame the ten dimensional super-gravity action is given by [35, 36] 
where Φ is the dilaton, χ stands for the axion. By setting χ = −e −Φ + χ 0 , the dilaton term and the axion term can cancel. Then the solution of (1) can be written as [37] 
with
where R is the AdS radius with
are the boundary coordinates. r stands for the radial coordinate. The event horizon and the boundary are located at r = r t and r = ∞, respectively. The Hawking temperature is T = r t /(πR 2 ). The parameter q refers to the D-instanton density as well as the vacuum expectation value of the gauge field condensate. Note that for q = 0 in (2) the AdS 5 -Schwarzschild metric is reproduced.
The next step is to make the pair moving. Supposing that the plasma is at rest and the frame is moving in one direction, i.e., the x 3 direction, so that
where β is called the velocity or rapidity. Inserting (4) into (2) and dropping the primes, one obtains the boosted metric as
Noticed that for β = 0 in (5) the metric of (2) is recovered.
III. IMAGINARY POTENTIAL
We now follow the argument in [20] to investigate the imaginary potential of a moving quark anti-quark pair for the background metric (5) . In general, to analyze the moving case, one needs to consider different alignments for the pair with respect to the plasma wind, i.e., transverse (θ = π/2), parallel (θ = 0), or arbitrary direction (θ). In this work, we discuss two extreme cases: θ = π/2 and θ = 0.
A. Transverse to the wind (θ = π/2)
In this subsection, we consider the system perpendicularly to the wind in the x 1 direction, the coordinates are parameterized by
where the quark and anti-quark are located at
with L the inter-distance. The string action is
where g is the determinant of the induced metric with
with g µν the metric and X µ the target space coordinates. Substituting (6) into (5), one obtains the induced metric as
withṙ = dr/dσ. Then the corresponding lagrangian density can be written as
Note that the action does not depend on σ explicitly, so the Hamiltonian is a constant,
Considering the boundary condition at σ = 0,ṙ
one findsṙ
where r = r c is the deepest point of the U-shaped string.
Integrating (14) , the inter-distance of QQ reads
Substituting (14) into (7) and subtracting the self energy of the two quarks [38] [39] [40] , the real part of the heavy quark potential is obtained as
with b(r 0 ) = b(r → ∞).
On the other hand, using the thermal worldsheet fluctuation method [20] , the imaginary part of the potential is found to be
where, for simplicity, we have taken R = 1. One can check that for q = 0 in (19) the result of [24] is recovered. And for q = β = 0 in (19) , the formula of [20] is reproduced as well. Before evaluating the imaginary potential, we should pause here to discuss the regime of applicability of this model. It was argued [20, 23] that there are three restrictions to the formula (19) . First, the term b(r c ) needs to be positive, which leads to
with ε ≡ r t /r c . Second, the imaginary potential should be negative, so
which yields
here the length expression of ε min is not shown, but one will see its behavior in fig.2 below. The third restriction is related to the maximum value of the inter-distance. To address this, we plot LT versus ε for various cases in fig.1 , one can see that in each plot there exists a maximum value of LT max , which corresponds to a critical value of ε max,2 , and that LT is a increasing function of ε for ε < ε max,2 but a decreasing one for ε > ε max,2 . Actually, for the later case it is necessary to consider highly curved configurations which are not solutions of the Nambu-Goto action [41] , so here we are mostly interested in the region of ε < ε max,2 . Also, it is interesting to mention that LT max has been used to define the dissociation length for the moving QQ, see e.g. [42, 43] . But in this work, we tend to use it to define the region of applicability of the U-shaped string configuration, as follows from [23] .
By combining the three restrictions, we plot ε min , ε max,1 , ε max,2 versus β for q = 0.2 in fig.2 . Other cases with different values of q have similar picture. From the figures, one can see that these restrictions lead to a narrow window. Or in other words, the regime of applicability of the formula (19) is ε min < ε < ε max,2 .
To proceed, we study the effects of the velocity and the D-density on the inter-distance. From fig.1 , one sees that at a fixed q, increasing β the value of LT max decreases. Namely, the velocity has the effect of decreasing the interdistance, consistently with the findings of [23, 24] . Moreover, comparing the left panel with the right one, one finds that at a fixed β, increasing q leads to increasing the value of LT max . Therefore, one concludes that the D-density affects the inter-distance in the opposite way of the velocity. Next, we investigate the imaginary potential in the region of ε min < ε < ε max,2 . In Fig.3 , we plot ImV QQ /( √ λT ) versus LT for two different values of q. The left panel is plotted for q = 0.2 while the right one is for q = 1.2. In both panels from left to right β = 0.4, 0.2, 0, respectively. From the figures, one can see that the imaginary potential starts at a L min , corresponding to ε = ε min or ImV QQ = 0, and ends at a L max , corresponding to ε max,2 . Also, one finds that at a fixed β, increasing q the imaginary potential decreases. As discussed in [23] , the dissociation properties of quarkonia should be sensitive to the imaginary potential, and if the onset of ImV QQ happens for smaller LT , the suppression will be stronger. Thus, we conclude that the presence of the D-instanton density makes the suppression weaker, reverse to the effect of the velocity. Interestingly, it was shown [34] that the D-instanton density has the effect of suppressing the heavy quark potential thus making the quarkonia melt harder, in agreement with the findings here. In this subsection we discuss the system parallel to the wind. The coordinates are parameterized as
where the quark and anti-quark are located at The next analysis is similar to the previous subsection, so we just present the final results. The inter-distance is
A(r c ) = e Φ(rc) r 
Likewise, we plot LT versus ε and ImV QQ /( √ λT ) versus LT for θ = 0 in fig.4 and fig.5 , respectively. From these figures, one finds that the results are very similar to the transverse case: the D-instanton density increases the inter-distance and decreases the imaginary potential, while the velocity has opposite effects.
Moreover, to compare the effects of the D-instanton density on the imaginary potential between θ = 0 and θ = π/2, we plot ImV QQ /( √ λT ) versus LT with β = 0.4 for two different q in the left panel of fig.6 . The left two adjacent curves correspond to ImV QQ,⊥ /( √ λT ) (lower line) and ImV QQ, /( √ λT ) (upper line) for q = 0.2 while the right ones correspond to their counterparts for q = 1.2. One sees that at fixed β, increasing q, the differences between the onsets of the ImV QQ,⊥ /( √ λT ) and ImV QQ, /( √ λT ) become more and more bigger. This behavior can also be seen from the right panel of fig.6 , which shows L min versus q. One finds that as q increases, L min increases, which indicates that the suppression becomes weaker. On the other hand, the results show that as q increases, the differences between L min,⊥ and L min, widen, especially at large β. Also, at fixed β, the slope of L min,⊥ is smaller than that of L min, , which implies that the D-instanton density has smaller effects for the transverse case rather than parallel, differs from the velocity, which has stronger effects for the perpendicular case [24, 25] .
IV. CONCLUSION AND DISCUSSION
In this paper, we studied the imaginary potential of moving quarkonia in a D-instanton background, generated by a dilaton field, corresponding to D-instanton density contributions. The features of the background configuration are To analyze the imaginary potential, we considered the quark anti-quark pair moving transverse and parallel to the plasma wind, respectively. For both cases, it is found that the D-instanton density increases the inter-distance and decreases the imaginary potential, reverse to the effect of the pair's velocity. Since the dissociation properties of quarkonia should be sensitive to the imaginary potential, and the larger the ImV QQ , the stronger the suppression. Thus, one concludes that the presence of the D-instanton density makes the suppression weaker, reverse to the effect of the velocity. Furthermore, it is shown that the D-instanton density has stronger effects for the parallel case rather than perpendicular.
Finally, it would be interesting to mention that the entropic force has been recently argued to be responsible for melting heavy quarkonia [44, 45] . It is also of interest to study this quantity in the D-instanton background. We leave this for further study.
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